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SUMMARY 
An i nves t iga t ion  has  been  conduc ted  in  the  Lang ley  sp in  tunne l  on a 1/11- 
scale model o f  a r e s e a r c h  a i r p l a n e  t y p i c a l  o f  low-wing, s i n g l e - e n g i n e ,  l i g h t  
g e n e r a l  a v i a t i o n  a i r p l a n e s  t o  d e t e r m i n e  t h e  t a i l  parachute diameter and canopy 
d i s t a n c e  (riser l eng th  p lus  suspens ion - l ine  l eng th )  r equ i r ed  fo r  emergency s p i n  
recovery.  Nine tail c o n f i g u r a t i o n s  were t e s t e d ,  r e s u l t i n g  i n  a wide range  of 
deve loped  sp in  condi t ions ,  inc luding  s teep  sp ins  and  f l a t  s p i n s .  
The r e s u l t s  o f  t h e  s t u d y  i n d i c a t e d  t h a t  t h e  f u l l - s c a l e  p a r a c h u t e  diameter 
r e q u i r e d  f o r  s a t i s f a c t o r y  s p i n  r e c o v e r y  f r o m  f l a t  s p i n s  was approximately 3.2 m 
(10.5 f t ) .  A parachute  diameter of  about  2.9 m (9.5 f t )  was . requi red  for  recov-  
e ry  f rom s t eep  sp ins .  A s l i g h t l y  smaller parachute  was s u f f i c i e n t  when a ven- 
t ra l  f i n  was a t t a c h e d  t o  t he  model. The canopy  distance,   which was c r i t i c a l  f o r  
f l a t  sp ins ,  shou ld  be between 4 . 6  and 6.1 m (15 and 20 f t )  t o  i n s u r e  r e c o v e r y  
from both f l a t  and  s t eep  sp ins .  
INTRODUCTION 
Fede ra l  av ia t ion  r egu la t ions  ( r e f .  1 )  r e q u i r e  g e n e r a l  a v i a t i o n  manufac- 
t u r e r s  t o  d e m o n s t r a t e ,  by  means o f  f u l l - s c a l e  f l i g h t  tests, compliance with 
r e q u i r e m e n t s  f o r  s a t i s f a c t o r y  s t a l l  and spin characterist ics f o r  a i r p l a n e s  i n  
t h e  n o r m a l ,  u t i l i t y ,  and acrobat ic   ca tegor ies .   Dur ing   these   sp in   demonst ra -  
t i o n s ,  t h e  a i r p l a n e  g e n e r a l l y  is equipped w i t h  a tail-mounted spin-recovery 
parachute  s y s t e m  which s e r v e s  as an emergency recovery device in  the event  
t h a t  the  sp in  cannot  be terminated by the u s e  o f  a i r p l a n e  c o n t r o l  surfaces. 
Although spin-recovery parachutes have been used for many y e a r s  f o r  t h i s  
purpose on l i g h t  a i r p l a n e s ,  the  technology required for  t h e  s e l e c t i o n  o f  t h e  
parachute geometry - canopy diameter and canopy distance (riser l eng th  p lus  
suspens ion - l ine  l eng th )  - is very  l imi t ed  and  poorly  documented.  In  addition, 
very few sys temat ic  s tud ies  of  parachute  sys tems have  ever  been  conducted  for  
t h i s  class o f  a i r p l a n e .  Some limited information on spin-recovery  parachutes  
t h a t  may be  a p p l i c a b l e  t o  l i g h t  a i r p l a n e s  is r e p o r t e d  i n  r e f e r e n c e s  2 t o  6 .  A s  
a r e su l t  o f  t he  l ack  o f  des ign  in fo rma t ion ,  t he  se l ec t ion  o f  t he  pa rachu te  geom- 
e t r y  is d i f f i c u l t ,  and  spSn acc idents  cont inue  to  occur  dur ing  sp in  eva lua t ion  
tests because of  improper  parachute  diameter and/or canopy distance.  
In  v iew of  t h e  e x i s t i n g  v o i d  i n  t e c h n o l o g y  f o r  t h e  d e s i g n  o f  emergency 
sp in - recove ry  pa rachu te  sys t ems  fo r  l i gh t  a i rp l anes ,  a research program has 
been in i t ia ted  to  de te rmine  the  parachute  d iameter  and  canopy d is tance  requi red  
f o r  s e v e r a l  t y p i c a l  a i r p l a n e  c o n f i g u r a t i o n s ,  i n c l u d i n g  low-wing,  high-wing,  and 
s i n g l e -  and  twin-engine  designs.  Tests on  more than  one low-wing and  high-wing 
design are planned. This program is pa r t  o f  an  ex tens ive  r e sea rch  p rogram be ing  
conducted by the Langley Research Center  incorporat ing spin- tunnel  tests,  rad io-  
controlled-model tests, a n d  a i r p l a n e  f l i g h t  tests t o  s t u d y  t h e  s t a l l  and spin 
characteristics o f  l i g h t  g e n e r a l  a v i a t i o n  airplanes. The p r e s e n t  i n v e s t i g a t i o n  
was conducted i n  t h e  Langley  sp in  tunnel  to  de te rmine  t h e  parachute  requirements  
d i f f e r e n t  t a i l  conf igu ra t ions ,  which r e s u l t e d  i n  a wide range of  developed spin 
characteristics f o r  e v a l u a t i o n  o f  the e f f e c t i v e n e s s  o f  t h e  spin-recovery para- 
chutes .  A previous spin- tunnel  s tudy of  t he  effects of t a i l  conf igu ra t ion  on 
the  sp in  and  sp in- recovery  characteristics o f  t he  model i s  r e p o r t e d  i n  
r e f e r e n c e  7. 
' f o r  a low-wing, s ing le-engine  conf igura t ion .  The model was tested w i t h  n ine  
SYMBOLS 
Dimens iona l  quant i t ies  are p r e s e n t e d  b o t h  i n  t h e  In te rna t iona l  Sys tem of  
Uni t s  (SI) and i n  the U.S. Customary  Units.  Measurements were made i n  the U.S. 
Customary Un i t s ,  and equ iva len t  SI dimensions were determined by us ing  t h e  con- 
v e r s i o n  f a c t o r s  g i v e n  i n  r e f e r e n c e  8. 
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wing span,  m ( f t )  
mean aerodynamic  chord, cm ( i n . )  
canopy d i s t a n c e  ( d i s t a n c e  from s k i r t  o f  un in f l a t ed  pa rachu te  canopy t o  
a t tachment  poin t  on a i r p l a n e ;  e q u a l  t o  riser l eng th  p lus  pa rachu te  
suspens ion - l ine   l eng th ) ,  m ( f t 
moment of i n e r t i a   a b o u t  X ,  Y ,  and Z body a x i s ,   r e s p e c t i v e l y ,  kg-m2 
( s l u g - f   t 2 )  
i n e r t i a  yawing-moment parameter 
iner t ia  ro l l ing-moment  parameter 
i n e r t i a  pitching-moment parameter 
mass o f  a i r p l a n e ,  kg ( s l u g s )  
wing area, m 2  ( f t 2 )  
full-scale ra te  of  descent ,  m/sec ( f t /sec)  
d i s t ance  o f  cen te r  o f  g rav i ty  rearward of  lead ing  edge of  mean aerody- 
namic  chord, m ( f t )  
d i s t ance  be tween  cen te r  o f  g rav i ty  and  fuse l age  r e fe rence  l i ne  (POSi-  
t i v e  when c e n t e r  o f  g r a v i t y  is below l i n e ) ,  m ( f t )  
ang le  be tween  fuse l age  r e fe rence  l i ne  and  ve r t i ca l  ( approx ima te ly  
e q u a l  t o  a n g l e  of attack a t  plane of symmetry),  deg 
a i r p l a n e   r e l a t i v e - d e n s i t y   c o e f f i c i e n t ,  m/pSb 
a i r  d e n s i t y  , kg/m3 ( s l u g s / f  t3)  
f u l l - s c a l e  a n g u l a r  v e l o c i t y  a b o u t  s p i n  axis ,  r p s  
MODEL 
General  Descr ipt ion 
A l / l l - s c a l e  model o f  a r e s e a r c h  a i r p l a n e  c o n s i d e r e d  t y p i c a l  o f  low-wing, 
s ing le-engine ,  l i g h t  g e n e r a l  a v i a t i o n  a i r p l a n e  d e s i g n s  was used  fo r  t he  sp in -  
recovery  parachute  tests. A three-view  drawing  and a photograph of  the model 
are shown i n  f i g u r e s  1 and 2 ,   r e s p e c t i v e l y .  The d i m e n s i o n a l   c h a r a c t e r i s t i c s  
o f  t h e  model i n  terms of  the  co r re spond ing  fu l l - sca l e  va lues  are p r e s e n t e d  i n  
table I. 
The model was p rev ious ly  tested (ref.  7)  with  a large number of  t a i l  con- 
f i g u r a t i o n s  t o  d e t e r m i n e  t h e  effects  of  t a i l  des ign  on s p i n  characterist ics.  
The same t a i l  c o n f i g u r a t i o n s  u s e d  i n  t h a t  i n v e s t i g a t i o n  were a l s o  u s e d  i n  t h e  
p re sen t   s tudy .  The t a i l  u n i t  o f  t h e  model was removable ,   and  dine  different  
t a i l  conf igu ra t ions  were tested. The n ine  t a i l  c o n f i g u r a t i o n s ,  which are shown 
i n  f i g u r e  3 ,  i n c l u d e d  v a r i a t i o n s  i n  t h e  v e r t i c a l  a n d  l o n g i t u d i n a l  l o c a t i o n s  of 
t h e   h o r i z o n t a l  t a i l ;  par t ia l -   and   fu l l - span   rudders ;   and  a v e n t r a l  f i n .  Dimen- 
s i o n s  o f  t h e  v e n t r a l  f i n  u s e d  i n  t h e  p re sen t  tests and a s k e t c h  o f  t y p i c a l  l o c a -  
t i o n s  o f  t h e  v e n t r a l  f i n  f o r  t a i l  conf igu ra t ions  wi th  pa r t i a l -  and  fu l l - span  
rudders  are shown i n  f i g u r e  4. 
A radio-control  system was u s e d  t o  a c t u a t e  a servomechanism ins ta l led  in  
the  model t o  d e p l o y  t h e  p a r a c h u t e .  I n i t i a l  tests w i t h  landing  gear i n s t a l l e d  
on the  model i n d i c a t e d  n e g l i g i b l e  e f f e c t  on t h e  sp in  and  recovery  charac te r i s -  
t i c s ,  which is i n  agreement with resu l t s  p r e s e n t e d  i n  r e f e r e n c e  9 ;  t h e  gear was 
t h e r e f o r e  removed f o r  the remainder  of t h e  test program. The aerodynamic  and 
g y r o s c o p i c  e f f e c t s  o f . p r o p e l l e r  o p e r a t i o n  were not  s imula ted  on the model. 
Spin-Recovery Parachutes 
The sp in- recovery  parachutes  used  in  the  sp in- tunnel  t es t s  were made o f  
nylon  and were o f  t h e  s o l i d ,  f l a t  type .  The diameters o f  t he  pa rachu te  canop ies  
p re sen ted   he re in  are t h e   l a i d - o u t - f l a t  diameters. S o l i d ,   f l a t - t y p e   p a r a c h u t e s  
normally are uns tab le  unless  the  canopy poros i ty  is 400 or greater t o  make i t  
stable.  Thus t h e  parachute  canopy material used i n  t h i s  i n v e s t i g a t i o n  had a 
p o r o s i t y  number o f  400; t h i s  number i n d i c a t e s  t h a t  a p p r o x i m a t e l y  11 m3 (400 f t 3 )  
of  a i r  w i l l  pass through 0.09 m2 ( 1 f t 2 )  of  the  canopy c lo th  per  minute  under  
a p r e s s u r e  e q u i v a l e n t  t o  that  o f  a 1.27-cm (0.50-in.)  column of  water. The 
d r a g  c o e f f i c i e n t  o f  t h e  p a r a c h u t e s ,  based on t h e  l a i d - o u t - f l a t  areas, was 
approximately  0.50. The drag c o e f f i c i e n t s  were determined by t e s t i n g  t h e  
p a r a c h u t e s  i n  t h e  L a n g l e y  s p i n  t u n n e l .  
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A spin-recovery parachute  must  be reasonably s table  so that  i t  w i l l  tend 
t o  t r a i l  w i t h  t h e  r e l a t i v e  wind a t  t h e  rear o f  t h e  s p i n n i n g  a i r p l a n e  a n d  t h u s  
apply  a yawing moment t h a t  is a lways  an t i sp in .  An uns tab le  parachute  which  has  
.large o s c i l l a t i o n s  may apply  a yawing moment wh ich  va r i e s  f rom an t i sp in  to  p ro -  
s p i n  and t h e r e b y  r e t a r d  the  r e c o v e r y .  I n f o r m a t i o n  r e l a t i n g  t o  t h e  s t a b i l i t y  o f  
parachutes  is p r e s e n t e d  i n  r e f e r e n c e s  5 and 6. As p o i n t e d  o u t  i n  r e f e r e n c e  6 ,  
s o l i d ,  f l a t  parachutes  such as t h o s e  u s e d  i n  t he  p resen t  s tudy  are normally 
unstable  but  can be made stable by using high-porosi ty  material, as was done 
i n  the p resen t   s tudy .  For f u l l - s c a l e  a p p l i c a t i o n ,  s t a b l e  p a r a c h u t e s  are u s u a l l y  
obta ined  by geometr ic  poros i ty  such  as used i n  r i n g - s l o t  or r ibbon parachutes .  
The tests were devised  to  de te rmine  only  the  parachute  diameter and canopy 
d i s t a n c e  r e q u i r e d  for s a t i s f a c t o r y  s p i n  r e c o v e r y .  No a t tempt  was made t o  simu- 
late' a fu l l - sca l e  dep loymen t  t echn ique  because  o f  s i ze  l imi t a t ions  on t h e  model. 
TEST CONDITIONS 
The tests were performed i n  t h e  Langley  spin  tunnel .   Reference 10 
describes the sp in  tunne l  and  the  t e s t ing  t echn ique .  A summary o f  t he  t echn ique  
is g i v e n  i n  t h e  a p p e n d i x  o f  t h e  p r e s e n t  r e p o r t  f o r  t he  convenience of  t he  r eade r .  
The technique  involves  hand launching  the  model i n t o  the v e r t i c a l  airstream of 
t h e  t u n n e l  i n  b o t h  f l a t  and s t e e p  a t t i t u d e s  w i t h  sp in  ro t a t ion  p reapp l i ed  and  
a l lowing  the  model t o  e n t e r  a n  e q u i l i b r i u m  c o n d i t i o n  or c o n d i t i o n s ,  s i n c e  t h e r e  
may b e  s e v e r a l  s p i n  modes p o s s i b l e  f o r  a p a r t i c u l a r  c o n f i g u r a t i o n  a n d  mass load- 
i n g .  A photograph of  the model i n  t h e  t u n n e l  w i t h  t h e  p a r a c h u t e  d e p l o y e d  is 
shown i n  f i g u r e  5.  
The model was b a l l a s t e d  t o  o b t a i n  dynamic s i m i l a r i t y  f o r  a n  a l t i t u d e  of 
3000 m (IO 000 f t )  wi th  a va lue   . o f   r e l a t ive -dens i ty   coe f f i c i en t  V of  11.0.  
The mass c h a r a c t e r i s t i c s  a n d  mass pa rame te r s  fo r  t h e  load ing  cond i t ions  tested 
on the model have been converted to  co r re spond ing  fu l l - sca l e  va lues  and  are 
p r e s e n t e d  i n  t a b l e  11. The value  of the i n e r t i a  yawing-moment parameter 
( I x  - Iy) /mb2  for  the p resen t  tes ts  was -50 X The p r e c i s i o n  of the mea- 
surements  of  t h e  s p i n  c h a r a c t e r i s t i c s  is g i v e n  i n  t he  appendix.  
The maximum c o n t r o l  d e f l e c t i o n s  o f  the  model (measured perpendicular to 
t h e  h i n g e  l i n e s )  are.  
Rudder de f l ec t ion ,   deg  . . . . . . . . . . . . . . . . . . . .  25 r i g h t ,  25 l e f t  
E leva to r   de f l ec t ion ,   deg  . . . . . . . . . . . . . . . . . . . .  25  up, 15 down 
Ai le ron   def lec t ion ,   deg  . . . . . . . . . . . . . . . . . . . .  25 up, 20 down 
Since  the  parachute  is used  fo r  emergency sp in  recovery ,  it is s i z e d  t o  
effect a recovery  f rom any sp in  condi t ion  and  any  adverse  cont ro l  input .  In  
t h e  model tests, t h e r e f o r e ,  t h e  r e c o v e r i e s  are at tempted by deploying only t h e  
pa rachu te ,  and  the  con t ro l s  r ema ined  f ixed  fo r  an  adve r se  sp in  cond i t ion .  ( In  
t h i s  case, t h e  c r i t e r i o n  s p i n  c o n t r o l  s e t t i n g ,  d e s c r i b e d  i n  t h e  appendix,  was 
used.)   Thus,  t h e  sp in   recovery  is due t o   t h e   p a r a c h u t e   a c t i o n   a l o n e .  For sat- 
i s f ac to ry  sp in  r ecove ry ,  t h e  parachute must effect recovery of  t h e  model w i th in  
4 
2 '  t u r n s  o r  less. This  va lue  has  been  se lec ted  on  the  basis o f  pas t  expe r i ence -  
i n  c o r r e l a t i n g  model and f u l l - s c a l e  r e s u l t s .  
6 
The parachute  diameter and the canopy dis tance required for  emergency spin 
recovery were de termined  for  a l l  t a i l  conf igu ra t ions  and  sp in  modes.  Inasmuch 
as t h e  r e s u l t s  f o r  r i g h t  a n d  l e f t  s p i n s  were g e n e r a l l y  similar, the  data are 
a r b i t r a r i l y  p r e s e n t e d  i n  terms o f  r i g h t  s p i n s .  
The Reynolds number, based on the mean aerodynamic chord of the wing, was 
approximately 50 000 f o r  a l l  t h e  tests. Past exper ience  wi th  parachute  model 
tests i n  t h e  s p i n  t u n n e l  h a s  i n d i c a t e d  t h a t  good agreement has been obtained 
w i t h  r e s u l t s  o f  f u l l - s c a l e  p a r a c h u t e  tes ts  d e s p i t e  t h e  low Reynolds number of  
t h e  model tests. 
.RESULTS OF TESTS 
P resen ta t ion  o f  Resu l t s  
B e f o r e  t h e  r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  w i t h  t he  spin-recovery 
parachutes  are p resen ted ,  t h e  r e s u l t s  o f  a p rev ious  sp in - tunne l  i nves t iga t ion  
( ref .  7 )  which was conducted on t h e  same model  and t a i l  conf igu ra t ions  are d i s -  
c u s s e d  b r i e f l y  t o  i l l u s t r a t e  t h e  t y p e s  o f  s p i n  modes exh ib i t ed  by the model .  
Those tests produced a wide  va r i e ty  o f  sp in  and  r ecove ry  cha rac t e r i s t i c s ,  and  
a summary of  the  resu l t s  is p r e s e n t e d  i n  table 111. The s p i n  a t t i t u d e  r a n g e d  
f rom s teep  (a' = 29O) t o  f l a t  (a' = 8101, and  the  sp in  rate ranged from  approx- 
imate ly  1 s econd   pe r   t u rn ,   fu l l  scale, t o   2 . 7   s e c o n d s   p e r   t u r n .  Also, when 
recovery was at tempted by r u d d e r  r e v e r s a l  o n l y ,  t h e  s p i n - r e c o v e r y  c h a r a c t e r i s t i c s  
were s a t i s f a c t o r y  f o r  some o f  t h e  t a i l  c o n f i g u r a t i o n s  a n d  u n s a t i s f a c t o r y  f o r  
o t h e r s .  
The r e s u l t s  o f  t h e  tests to  de t e rmine  t h e  s i z e  o f  t a i l  parachute  and the 
canopy dis tance required for  emergency spin recovery for  each t a i l  conf igu ra t ion  
and each s p i n  mode are p r e s e n t e d  i n  f i g u r e s  6 ,  7 ,  8, and  9.   Figure 10 i l l u s -  
t rates t h e  effect  of   parachut ,e   canopy  dis tance  for  a f l a t  spin.   Experience  had 
i n d i c a t e d  t h a t  p a r a c h u t e  diameter is more d i r e c t l y  related t o  t h e  s p i n  mode 
r a t h e r  t h a n  t o  t a i l  des ign;  and  to  prevent  an  e r roneous  appl ica t ion  of  the  
r e s u l t s  t o  a similar t a i l  conf igu ra t ion  on a d i f f e r e n t  a i r p l a n e  d e s i g n ,  t h e  
p a r a c h u t e  r e s u l t s  f o r  t h e  i n d i v i d u a l  t a i l  conf igu ra t ions  are n o t  i n d i c a t e d  i n  
t h e s e  f i g u r e s .  
Effect of  Parachute  Diameter 
The r e s u l t s  o f  tests to  de t e rmine  the  pa rachu te  diameter requi red  for  recov-  
e r y  f rom bo th  the  f l a t  and s t e e p  s p i n  modes o f  t h e  model f o r  a l l  t a i l  configura-  
t i o n s  are p r e s e n t e d  i n  f i g u r e  6.  The data p r e s e n t e d  i n d i c a t e  t h e  number o f  t u r n s  
r equ i r ed  fo r  r ecove ry  by the  pa rachu te  ac t ion  a lone .  Sa t i s f ac to ry  and  unsa t i s -  
f a c t o r y  r e c o v e r i e s  are presented  as well as t h e  s p i n s  i n  w h i c h  t h e  model s t r u c k  
t h e  s a f e t y  n e t  b e f o r e  r e c o v e r y  c o u l d  be effected ( squa re  so l id  symbol s ) .  . 
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The data i n d i c a t e  that a s l i g h t l y  larger parachute  i s  requ i r ed  fo r  r ecove ry  
from t h e  f l a t  s p i n  modes than from t h e  s t e e p  s p i n  modes. A parachute  diameter 
of  3 .0  to  3 .4  m (10 t o  11 f t )  would be r equ i r ed  fo r  r ecove ry  f rom t h e  f l a t  s p i n  
modes. This  s i z e  was selected because parachute  diameters less than 3.0 m were 
judged t o  g i v e  r e s u l t s  t o o  c l o s e  t o  t he  boundary, and parachute diameters larger 
than 3.4 m o f f e r e d  l i t t l e  i f  any improvement i n  t h e  number o f  t u rns  fo r  r ecove ry .  
For the steep s p i n  modes, t he  r e s u l t s  o f  f i g u r e  6 i n d i c a t e  t h a t  a parachute  
diameter o f  2.7 t o  3 . 0  m ( 9  t o  10 f t )  would be a d e q u a t e  t o  effect  a s a t i s f a c t o r y  
s p i n  r e c o v e r y  f o r  a l l  t a i l  conf igu ra t ions  tested.  T h i s  parachute-diameter  range 
was chosen because parachutes smaller than  2.7 m i n  diameter showed a decay i n  
e f f ec t iveness  fo r  sp in  r ecove ry ,  and  pa rachu tes  larger than 3.0 m i n  diameter 
d i d  no t  show apprec iab ly  inc reased  e f f ec t iveness .  
It might be assumed t h a t  t h e  parachute  diameter requi red  for  recovery  f rom 
a f l a t  s p i n  would be cons iderably  larger than  t h a t  requi red  for  recovery  f rom 
a steep sp in ,  because  recovery  by use  of  aerodynamic  cont ro ls  is gene ra l ly  much 
more d i f f i c u l t  from a f l a t  spin than from a s t e e p  s p i n .  However, the  r e s u l t s  o f  
the  p resen t  tes ts  i n d i c a t e  t h a t  t he  parachute  diameters r equ i r ed  fo r  r ecove ry  
from t h e  steep s p i n  modes of  a l l  t h e  t a i l  c o n f i g u r a t i o n s  were not  apprec iab ly  
smaller than t h e  parachute  diameters r equ i r ed  fo r  r ecove ry  f rom the f l a t  s p i n  
modes (2.7 t o  3.0 m ( 9  t o  10 f t )  f o r  steep sp ins  and  3.0 t o  3.4 m (10 t o  11 f t )  
f o r  f l a t  s p i n s ) .  T h i s  r e s u l t  c a n  be e x p l a i n e d  i n  terms o f  the  d i f f e r e n c e  i n  
t h e  characteristics of the  f l a t  and steep sp in ,  bo th  of which require a n  a n t i -  
s p i n  yawing moment t o  s t o p  the s p i n .  
A f l a t  s p i n  is p r i m a r i l y  a yawing motion, which r e s u l t s  i n  a large l o c a l  
a n g l e  o f  s i d e s l i p  a t  the  t a i l .  S ince  t h e  p a r a c h u t e  a l i g n s  w i t h  t he  r e l a t i v e  
wind, i t  produces a f o r c e  i n  t h e  ho r i zon ta l  p l ane  which r e s u l t s  i n  a n  a n t i s p i n  
yawing moment. The larger t h e  s i d e s l i p  a n g l e ,  t h e  greater w i l l  be t he  a n t i s p i n  
yawing moment produced by the  parachute .  
I n  c o n t r a s t  t o  t h e  f l a t  s p i n ,  most of  the sp inn ing  mot ion  in  a very steep 
spin. (CY' = 2 5 O  t o  30°) is a ro l l i ng  mot ion  due  to  t h e  steep a t t i t u d e  of  t h e  air-  
p l ane ,  and t h e  s i d e s l i p  a t  t h e  t a i l  is r e l a t i v e l y  small. Therefore ,  t h e  yawing- 
moment component ava i l ab le  f rom t h e  p a r a c h u t e  f o r c e  t o  s t o p  t h e  spinning motion 
of  a steep s p i n  is r e l a t i v e l y  small compared w i t h  t h a t  f o r  t h e  f l a t  sp in .  For 
example, i n  a steep s p i n  the  rate of  descent  i s  higher  and the s p i n  ra te  slower 
than t h e  rates encoun te red   i n  a fas t ,  f l a t  sp in .   Thus ,   i n  t h e  p re sen t   i nves t iga -  
t i o n ,  t he  s i d e s l i p  ang le  a t  t h e  t a i l  of t h e  model was about  1 5 O  f o r  t h e  s t e e p  
s p i n  mode but about 4 5 O  f o r  the  fas t ,  f l a t  s p i n  mode. 
It might be thought t ha t  a n o t h e r  f a c t o r  t h a t  c o u l d  c o n t r i b u t e  t o  t h e  a n t i -  
s p i n  yawing moment being generated by t h e  p a r a c h u t e  i n  t h e  f l a t  s p i n  mode would 
be t h e  long moment arm between t h e  s p i n  a x i s  ( u s u a l l y  n e a r  t h e  center  of  grav-  
i t y )  and the parachute   a t tachment   po in t  at t h e  t a i l .  Normally, i t  might be  
expected t h a t  t h i s  moment arm wocld be larger than  t h a t  o b t a i n e d  i n  a steep 
s p i n ,  s i n c e  i n  a s t e e p  s p i n  t h e  fuse l age  is inc l ined  abou t  45O or  less . t o  t h e  
s p i n  a x i s  and t h u s  t h e  l e n g t h  of t he  moment arm p r o j e c t e d  i n t o  t h e  h o r i z o n t a l  
plane would seem t o  b e  s h o r t e r  t h a n  t h a t  i n  a f l a t  s p i n .  However, t h e  moment 
arms f o r  the f l a t  and steep s p i n  modes are approximately t h e  same because t h e  
s p i n  a x i s  moves forward as the  s p i n  a t t i t u d e  gets steeper. The s p i n  a x i s  is 
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loca ted  approximate ly  a t  t h e  c e n t e r  of g r a v i t y  f o r  a f l a t  spin and approximately 
between t h e  eng ine   and   cockp i t   fo r  t h e  s t e e p  s p i n  (a' = 4 5 O ) .  Therefore ,  t h e  
l e n g t h  o f  t h e  moment arm i n  a f l a t  o r  s t e e p  s p i n  a p p a r e n t l y  i s  no t  a f a c t o r  i n  
the de termina t ion  of  t h e  p a r a c h u t e  s i z e  f o r  s p i n  r e c o v e r y .  
The r e s u l t s  o f  p a r a c h u t e  tests f o r  t h e  s t e e p  s p i n  modes wi th  a v e n t r a l  f i n  
added t o  t h e  t a i l  conf igu ra t ion  are p r e s e n t e d  i n  f i g u r e  7 .  These r e s u l t s  are 
p r e s e n t e d  i n  terms o f  f u l l - s c a l e  v a l u e s  and i n d i c a t e  t h a t  when the  v e n t r a l  f i n  
is on, t h e  parachute  diameter r equ i r ed  fo r  r ecove ry  is s l i g h t l y  smaller (2.4 t o  
2 .7  m ( 8  t o  9 f t ) )  than when t h e  v e n t r a l  f i n  is o f f .  
It might be an t i c ipa t ed  f rom t h e  r e s u l t s  o f  f i g u r e  7 t ha t  wi th  t h e  a d d i t i o n  
o f  the v e n t r a l  f i n  t o  the model (which r e s u l t e d  i n  a n  i n c r e a s e  i n  t a i l  damping), 
t h e  s ize  of t he  parachute  requi red  for  recovery  would always be smaller than  
t h a t  r equ i r ed  when the v e n t r a l  f i n  is o f f .  Such  an  assumption i s  cor rec t  pro-  
v i d e d  t h e  v e n t r a l  f i n  is large enough t o  improve t h e  basic s p i n  characterist ics 
of the  a i r p l a n e .  For t a i l  conf igu ra t ions  which produced  both f l a t  and   s teep  
s p i n  modes, as well as f o r  t a i l  conf igu ra t ions  which produced  only  s teep  sp in  
modes, t he  required  parachute  s ize  was s l i g h t l y  smaller. When f l a t  spin  condi-  
t i o n s  were obta ined  on the model, a parachute  diameter of  3 .0  to  3 .4  m (10 t o  
11 f t )  was r e q u i r e d  f o r  s a t i s f a c t o r y  s p i n  r e c o v e r y ;  whereas when a v e n t r a l  f i n  
of s u i t a b l e  s i z e  was added t o  t h e  model, t h e  f l a t  s p i n  was eliminated and recov- 
ery from the  r e s u l t i n g  s t e e p  s p i n  c o u l d  be accomplished w i t h  a smaller parachute  
( 2 . 4  t o  2 . 7  m ( 8  t o  9 f t )  i n  diameter). 
For t a i l  conf igu ra t ions  which produced  only  s teep  sp ins ,  a parachute  diam- 
eter of  approximately 2.7 t o  3 . 0  m ( 9  t o  10 f t )  was s u f f i c i e n t  f o r  s a t i s f a c t o r y  
sp in   recovery .  As previously  ment ioned,   adding t h e  v e n t r a l  f i n s  r e d u c e d  t h e  
r e q u i r e d  p a r a c h u t e  s i z e  ( 2 . 4  t o  2 . 7  m ( 8  t o  9 f t )  i n  diameter) f o r  s a t i s f a c t o r y  
sp in  recovery .  
Effect of Canopy Distance 
The dis tance between the  parachute canopy and t h e  a t tachment  poin t  on t h e  
a i r p l a n e  is as important  as t h e  proper  parachute  diameter, e s p e c i a l l y  f o r  a f l a t  
s p i n  mode. T h i s  d i s t a n c e ,  referred t o  as canopy  dis tance d ,  is e q u a l  t o t h e  
riser l eng th  p lus  the suspens ion- l ine  length .  When t h e  canopy  dis tance is cor- 
rect  ( f ig .  1 0 ( a ) ) ,  regardless o f  t he  s p i n  mode, t h e  riser is straight and  t au t  
and the  parachute  trails approximately w i t h  the r e l a t ive  wind ,  app ly ing  bo th  a 
yawing and a p i t c h i n g  moment. 
If the  canopy dis tance is t o o  s h o r t  ( f i g .  1 0 ( b ) ) ,  t h e  parachute canopy may 
be t o o  c l o s e  t o  the a i r p l a n e ,  and t h e  wake from t h e  a i r p l a n e  c a n  i n t e r f e r e  wi th  
t he  opera t ion  of  t h e  p a r a c h u t e ;  i n  some cases, t h e  wake can cause t h e  parachute  
canopy t o  c o l l a p s e .  If the  canopy  dis tance is too   l ong  ( f ig .  lO(c)), t h e  para- 
chute  w i l l  t r a i l  above the  a i r p l a n e  o n  t h e  s p i n  a x i s  a n d  p r o d u c e  p r i m a r i l y  p i t c h -  
i n g  moment and l i t t l e  o r  no  yawing moment, which is the  p r i n c i p a l  moment needed 
f o r  s p i n  r e c o v e r y .  The a i r p l a n e  a t t i t u d e  may s t eepen ,  bu t  a new equ i l ib r ium 
cond i t ion  w i l l  be obtained and the  model w i l l  c o n t i n u e  t o  s p i n .  
I .  
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The r e s u l t s  o f  t h e  tes ts  to  de t e rmine  the  effects  of  canopy dis tance are 
p r e s e n t e d  i n  terms o f  f u l l - s c a l e  v a l u e s  i n  f i g u r e s  8 and 9.  Some o f  t h e  a f o r e -  
mentioned trends are indica ted  by t h e  r e s u l t s  p r e s e n t e d  i n  f i g u r e  8 f o r  t h e  f la t  
s p i n  mode. For example, a canopy dis tance greater than  about  6.7 m (22 f t )  
causes  the  tu rns  fo r  r ecove ry  to  inc rease ,  and  canopy  d i s t ances  greater than  
9.1 m (30 f t )  r e s u l t  i n  no  recovery. For canopy  d i s t ances  sho r t e r  t han  abou t  
4.6 m (15 f t ) ,  t h e  t u r n s  f o r  r e c o v e r y  start t o  i n c r e a s e ,  a n d  t h e  effect o f  t h e  
a i r p l a n e  wake on the  pa rachu te  canopy  can become s i g n i f i c a n t .  On t h e  basis of  
these r e s u l t s  i t  appears  t h a t  a canopy d i s t ance  o f  abou t  4.6 t o  6.1 m (15 t o  
20 f t )  should be u s e d  f o r  f l a t  s p i n  modes. 
The effect  of  canopy dis tance on t h e  t u r n s  f o r  r e c o v e r y  f o r  t h e  s t e e p  s p i n  
modes is p r e s e n t e d  i n  f i g u r e  9.  The r e s u l t s  i n d i c a t e  t h a t  the canopy dis tances  
were not  as cr i t ical  as  f o r  t h e  f l a t  s p i n  mode, e s p e c i a l l y  t h e  maximum d i s t ance .  
For example, t he  c a n o p y  d i s t a n c e  f o r  t h e  s t e e p  s p i n  modes may be as long as 
12.2 m (40 f t )  and as s h o r t  as 4.6 m (15 f t )  and s t i l l  p r o d u c e  s a t i s f a c t o r y  
sp in   r ecove r i e s .  However, s ince   the   p rev ious ly   d i scussed   canopy  d i s tances   for  
t h e  f l a t  s p i n  modes are v e r y  e f f e c t i v e  f o r  s t e e p  s p i n  modes a l s o ,  i t  is recom- 
mended tha t  t he  d i s t a n c e s  r e q u i r e d  f o r  t h e  f l a t  s p i n  modes be used. 
INTERPRETATION OF RESULTS 
S p e c i f i c  r e s u l t s  o f  s p i n - t u n n e l  tests cannot always be a p p l i e d  d i r e c t l y  
t o  c o r r e s p o n d i n g  f u l l - s c a l e  c o n d i t i o n s .  It is n e c e s s a r y  t o  e v a l u a t e  t h e  spin-  
tunnel  data with a background knowledge of previous spin programs for which s p i n  
tunne l  and f u l l - s c a l e  r e s u l t s  have  been cor re la ted .   Thus ,   sp in- tunnel  model 
results are n o t  i n t e r p r e t e d  r i g i d l y  f o r  a s p e c i f i c  c o n t r o l  s e t t i n g ,  mass load- 
i n g ,  or dimens iona l  conf igura t ion ;  rather they are i n t e r p r e t e d  i n  terms of a 
r ange  o f  r e su l t s  ob ta ined  fo r  t he  combina t ion  o f  mass Charac teF i s t i c s ,  dimen- 
s i o n a l  c h a r a c t e r i s t i c s ,  and c o n t r o l  s e t t i n g s  under i n v e s t i g a t i o n  by determining 
the  e x t e n t  t o  which  modera te  var ia t ions  in  these  fac tors  can  a l te r  t h e  r e s u l t s .  
Past experience w i t h  model parachute  tes ts  i n  t h e  s p i n  t u n n e l ,  as previous ly  
mentioned, have indicated t h a t  good agreement has been obtained w i t h  r e s u l t s  o f  
f u l l - s c a l e  tests. 
Spin-tunnel model tests h a v e  h i s t o r i c a l l y  p r e d i c t e d  a l l  t h e  s p i n  modes 
p o s s i b l e  f o r  t h e  c o r r e s p o n d i n g  a i r p l a n e  and the  recommended parachute  is always 
s i z e d  t o  p r o v i d e  good r ecove r i e s  from t h e  most c r i t i c a l  s p i n s .  The parachute  
s i z e  is a lways  g iven  in  terms o f  a diameter and a drag c o e f f i c i e n t .  
The drag c o e f f i c i e n t  o f  t h e  s o l i d ,  f l a t  parachute  used  in  t h e  present  inves-  
t i g a t i o n ,  as previously  mentioned, was approximately 0.50. If another   type   o f  
parachute  is selected and i f  t h e  drag c o e f f i c i e n t  is d i f f e r e n t ,  t h e  s i z e  o f  t h e  
parachute  may have t o  be changed.   Fabric   porosi ty ,   geometr ic   porosi ty ,   canopy 
shape ,  and  suspens ion- l ine  length  are some of  t h e  f a c t o r s  t h a t  can affect t h e  
drag c o e f f i c i e n t  and must be considered when s e l e c t i n g  a parachute .  For a more 
detailed d i s c u s s i o n  o f  t h e s e  f a c t o r s ,  see r e f e r e n c e  11 .  
Because of model size l i m i t a t i o n s  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  it was not  
p o s s i b l e  t o  s i m u l a t e  a ful l -scale   parachute   deployment   technique.  For t h e  spin-  
t unne l  tests, the parachute  was d e p l o y e d  i n t o  t h e  airstream and the  t u r n s  f o r  
recovery counted from the  time t h e  parachute  was f u l l y  i n f l a t e d  t o  t he  time t h e  
sp in   ro t a t ion   ceased .   In fo rma t ion  on ful l -scale   parachute   deployment   techniques 
is r e p o r t e d  i n  r e f e r e n c e  12. Although these deployment  techniques are d iscussed  
i n  r e l a t i o n  t o  m i l i t a r y  a i r p l a n e s ,  c e r t a i n  basic p r i n c i p l e s  i n v o l v e d  w i t h  t h e  
deployment techniques - such as s e l e c t i o n  o f  t h e  method of  deploying the  p i l o t  
parachute  as well as the  main parachute - are a p p l i c a b l e  t o  l i g h t  a i r p l a n e s .  
SUMMARY OF RESULTS 
An i n v e s t i g a t i o n  has been conducted in  the Langley spin tunnel  on a 1/11- 
scale model o f  a low-wing, s i n g l e - e n g i n e ,  g e n e r a l  a v i a t i o n  research a i r p l a n e  t o  
determine t h e  t a i l  parachute  diameter and canopy dis tance required for  emergency 
sp in   recovery .  The r e s u l t s  are summarized as fol lows:  
1. The parachute  diameter r equ i r ed  fo r  s a t i s f ac to ry  sp in  r ecove ry  f rom f l a t  
s p i n s  was 3.0 t o  3.4 m ( I O  t o  11 f t ) ' ,  f u l l  scale. 
2. For steep s p i n s  on the  model, a parachute  diameter o f  2.7 t o  3.0 m 
( 9  t o  10 f t )  , f u l l  scale, was requ i r ed .  
3. A s l i g h t l y  smaller parachute  was s u f f i c i e n t  when a s t e e p  s p i n  r e s u l t e d  
from adding a v e n t r a l  f i n  t o  t h e  model. 
4. The canopy  dis tance (riser length  p lus  suspens ion- l ine  length)  was 
c r i t i ca l  f o r  f l a t  s p i n s ,  b u t  was no t  c r i t i ca l  f o r  steep s p i n s .  This  d i s t a n c e  
should be between  4.6  and  6.1 m (15 and 20 f t ) ,  f u l l  scale, f o r  f l a t  spins  and 
t h i s  d i s t a n c e  a l s o  is s a t i s f a c t o r y  f o r  s t e e p  s p i n s .  
Langley Research Center 
National Aeronautics and Space Adminis t ra t ion 
Hamp ton ,  VA 23665 
October 18, 1977 
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APPENDIX 
TEST METHODS AND PRECISION 
Model Test ing Techniques 
Genera l  desc r ip t ions  o f  model t e s t ing  t echn iques ,  me thods  o f  i n t e rp re t ing  
test r e su l t s ,  and  co r re l a t ion  be tween  model  and a i r p l a n e  r e s u l t s  are presented  
i n  r e f e r e n c e  10. 
Spin-tunnel  tests are usua l ly  pe r fo rmed  to  de t e rmine  the  sp in  and  r ecove ry  
c h a r a c t e r i s t i c s  o f  a model f o r  t h e  no rma l  con t ro l  conf igu ra t ion  fo r  sp inn ing  
( e l e v a t o r  f u l l  u p ,  la teral  c o n t r o l s  n e u t r a l ,  and  rudde r  fu l l  wi th  t h e  sp in)  and  
f o r  v a r i o u s  o t h e r  lateral  c o n t r o l  and e l eva to r  combina t ions ,  i nc lud ing  neu t r a l  
and maximum s e t t i n g s  o f  the  surfaces .  Recovery is genera l ly  a t tempted  by r a p i d  
f u l l  r e v e r s a l  o f  t he  rudder ,  or by r ap id  fu l l  r eve r sa l  o f  bo th  rudde r  and  ele- 
vator .   Recovery  techniques are var ied  because t h e  con t ro l  man ipu la t ion  r equ i r ed  
f o r  r e c o v e r y  is primari ly  dependent  on t h e  mass d i s t r i b u t i o n  a n d  g e o m e t r i c  char- 
acterist ics o f  t he  model (ref.  10). 
Tests are a l so  pe r fo rmed  to  eva lua te  the poss ib l e  adve r se  effects on recov- 
e r y  o f  small devia t ions  f rom the  no rma l  con t ro l  conf igu ra t ion  fo r  sp inn ing .  For 
these tests, the  e l e v a t o r  is i n i t i a l l y  se t  a t  e i t h e r  f u l l - u p  d e f l e c t i o n  or two- 
t h i r d s  o f  its f u l l - u p  d e f l e c t i o n ,  and t h e  la teral  c o n t r o l s  are set  a t  one-third 
o f  f u l l  d e f l e c t i o n  i n  the d i r e c t i o n  tha t  is conducive  to  s lower  recover ies ,  
which may b e  e i t h e r  a g a i n s t  t h e  s p i n  ( s t i c k  l e f t  i n  a r i g h t  s p i n )  or w i t h  t h e  
sp in ,  depending  pr imar i ly  on t h e  mass characteristics of t h e  pa r t i cu la r  mode l .  
Recovery is at tempted by r a p i d l y  r e v e r s i n g  the r u d d e r  f r o m  f u l l  w i t h  t h e  s p i n  
to  on ly  two- th i rds  aga ins t  t he  sp in ,  by s imul t aneous  rudde r  r eve r sa l  t o  two- 
t h i r d s  a g a i n s t  the  s p i n  and movement o f  t h e  e l e v a t o r  t o  e i t h e r  n e u t r a l  o r  two- 
t h i r d s  down, or by s imultaneous r u d d e r  r e v e r s a l  t o  t w o - t h i r d s  a g a i n s t  the s p i n  
and s t i ck  s i d e  movement to   two- th i rds  w i t h   t h e  s p i n .  T h i s . c o n t r o 1  c o n f i g u r a t i o n  
and manipulation is referred t o  as t h e  " c r i t e r i o n  s p i n , "  w i th  t he  p a r t i c u l a r  con- 
t r o l  s e t t i n g s  and manipulat ion used being pr imari ly  dependent  on the mass d i s t r i -  
bu t ion  and geometric characteristics of t h e  model. 
Turns  for  recovery  are measured from the time t h e  c o n t r o l s  are moved t o  t h e  
time t h e  s p i n  r o t a t i o n  ceases. Recove ry  cha rac t e r i s t i c s  of a model are g e n e r a l l y  
c o n s i d e r e d  s a t i s f a c t o r y  i f  r e c o v e r y  a t t e m p t e d  f r o m  t h e  c r i t e r i o n  s p i n  i n  a n y  o f  
t h e  manners  previously descr ibed is accomplished  within 2 1  t u r n s .  T h i s  va lue  
4 
has been selected on the  bas i s  o f  fu l l - s ca l e -a i rp l ane  sp in - recove ry  data t h a t  are 
ava i lab le  for  compar ison  wi th  cor responding  model t e s t  r e s u l t s .  
For s p i n s  i n  which a model has a ra te  of descen t  i n  excess  o f  t h a t  which 
can  r ead i ly  be  ob ta ined  in  the t u n n e l ,  t h e  rate of  descent  i s  recorded as greater 
t h a n  t h e  v e l o c i t y  a t  t h e  time t h e  model h i t  t h e  s a f e t y  n e t .  For example, a typ i -  
cal  value  might  be >91 m/sec (>300 f t / sec) ,  f u l l  scale. I n   s u c h  tests, t h e  
r ecove r i e s  are a t tempted  before  the  model reaches i ts  f i n a l  s t e e p e r  a t t i t u d e  
and while  it is still  descend ing  in  the  tunne l .  Such r e s u l t s  are considered 
conserva t ive ;  t h a t  is, recove r i e s  are g e n e r a l l y  n o t  as fast  as they  would be i f  
10 
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t h e  model  could  reach its f i n a l  s t e e p e r  a t t i t u d e .  For r e c o v e r y  a t t e m p t s  i n  
which a model s t r i k e s  t h e  s a f e t y  n e t  w h i l e  it is still  i n  a sp in ,  t he  r ecove ry  
a t t empt s  are recorded as greater t h a n  t h e  number o f  t u r n s  f r o m  the  time t h e  
c o n t r o l s  were moved t o  t h e  time t h e  model s t r u c k  t h e  n e t ,  for example '3. A 
>3-turn recovery,  however ,  does not  necessar i ly  indicate  an improvement  over  a 
>'l-turn  recovery. A r e c o v e r y  i n  10 or more t u r n s  is i n d i c a t e d  by t h e  symbol OD. 
Prec i s ion  
Resul t s  de te rmined  in  f ree-sp inning  tunnel  tests are b e l i e v e d  t o  be t r u e  
va lues  g iven  by models  within the fol lowing limits: 
a r , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Angle  between  span  axis of wing  and h o r i z o n t a l ,  (p, deg . . . . . . . . . . .  + I  
V ,  percent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *5 
Q, percent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +2 
Turns for recovery  obtained  from  motion-picture  records . . . . . . . . . . .  -_ + I  
4 
Turns   fo r   r ecove ry   ob ta ined   v i sua l ly  . . . . . . . . . . . . . . . . . . . .  *1 
2 
The preceding limits may be exceeded for c e r t a i n  s p i n s  i n  t h e  t u n n e l  b e c a u s e  o f  
the  h igh  rate o f  descen t  o r  because of the wandering or o s c i l l a t o r y  n a t u r e  o f  
t h e  s p i n .  
The accuracy of  measuring the  weight and mass d i s t r ibu t ion  o f  mode l s  is 
b e l i e v e d  t o  be wi th in  the  fo l lowing  limits: 
Weight,   percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + I  
Center -of -gravi ty  loca t ion ,  percent  i5 . . . . . . . . . . . . . . . . . . .  21 
Moments of i n e r t i a ,  p e r c e n t  . . . . . . . . . . . . . . . . . . . . . . . . .  +-5 
Contro ls  are set wi th in  an  accuracy  of  ? l o .  
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF CORRESPONDING 
FULL-SCALE AIRPLANE 
Overa l l   eng th   w i th  t a i l  3 .  m ( f t )  . . . . . . . . . . . . . . .  5.83  (19.14) 
Wing : 
Span. m ( f t )  . . . . . . . . . . . . . .  
Area. m2 ( f t 2 )  . . . . . . . . . . . . .  
Root chord. cm ( i n . )  . . . . . . . . . .  
Tip  chord. cm ( i n . )  . . . . . . . . . .  
Leading  edge  of E.  d i s t ance   r ea rward   o f  
Aspect r a t i o  . . . . . . . . . . . . . .  
Dihedral .  deg . . . . . . . . . . . . .  
Incidence 
Root.  deg . . . . . . . . . . . . . .  
Tip.  deg . . . . . . . . . . . . . . .  
A i r f o i l   s e c t i o n  . . . . . . . . . . . .  
Mean aerodynamic  chord. cm ( i n . )  . . . .  
edge  of   root   chord.  cm ( i n . )  . . . . .  
. . . .  . . . .  . . . .  . . . .  . . . .  
l ead ing  . . . .  . . . .  . . . .  
. . . . . . . . .  . . . . . . . . .  . . . . . .  NACA 
. . 7.46 (24.46) 
. . 121.92 (48.0) . . 121.92 (48.0) . . 121.92 (48.0) 
. . 9.11 (98.11) 
. . . . . . .  0 . . . . . . .  6.10 . . . . . . .  5.0 
. . . . . . .  3.5 . . . . . . .  3.5 
642-415 (modif ied)  
Hor izonta l  tail: 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.34  (7.66) 
Incidence.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -3 . 0 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  NACA 651-012 
Vertical t a i l  : 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  NACA 651-012 
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TABLE 11.- MASS CHARACTERISTICS  AND  INERTIA  PARAMETERS OF LOADINGS  TESTED ON THE MODEL 
[Values  given are  full  scale;  moments of inertia  are  given  about  center  of  gravity 1 
Weight, 
Loading 
(lb) number 
N 
Center-of-gravity 
location 
0'255 I 0.048 
1 0.145  0.048 
Relative-density 
coefficient, 
P, at - 
Sea 
level 
~ 
8.2 
8.2 
3000 m 
(10 000 ft) 
1 1  .o 
1 1  .o 
Yoments  of  inertia, 
~~~~ ~ 
kg-m2. Mass  parameters 
606 1 794 1 1268 1-50 x 
(447) (586) (935) 
606 -50 x lom4 1268 794 
(447)  (935)  (586) 
mb2 I mb2 I 
-125 x 10-4  175 x 10-4 I I 
-125 x 10-4  175 x 10-4 i I 
I I 
". . , . - ." 
TABLE 111.- SUMMARY OF SPIN AND RECOVERY CHARACTERISTICS OF MODEL 
FOR THE CRITERION SPIN CONTROL CONDITION 
o f  g r a v i t y  o f  0.255E; recovery attempted 1 by rudde r  r eve r sa l  on ly  L 
- .  
Q, 
r P s  
( s e d t u r n )  
0.94 
(1.06) 
0.46 
(2 .2)  
0.79 
(1 .3 )  
0.45 
( 2 . 2 )  
0.46 
(2 .2)  
""" 
0.79 
(1.3)  
0.50 
( 2 . 0 )  
0.54 
(1 .9)  
0.97 
( 1  .o> 
0.45 
(2 .2)  
""" 
Tail conf igu ra t ion  Turns  for  recovery  
79 
46 
W 
21, 3 ,  3- 1 
2 2 
75 
48 
47 
~- 
W 
13, 21,   21  
4 2 2  
2,   21,  3 
4 
b l  - 
2 
aof f 81 
52 
W 
2 ,  21, 3 
4 
On 
. . . . . - - 
aof f 
55 I-, 1 2 1 ,   2 1  
2 4 2  
77 
35 
W 
1 ,  I-, 1 1  1- 
4 4  
On 
aTwo cond i t ions  poss ib l e .  
bRecovery  a t t empted  be fo re  f ina l  a t t i t ude  r eached .  
CNo recovery  a t tempted  because  sp in  mode t o o  s t e e p  t o  h o l d  i n  
tunne l .  
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TABLE 111.- Concluded 
Tail  c o n f i g u r a t i o r  
4 
4 
"" 
............ ... d ......... : .............. :.:.:.: :.s.:.: .., 
Vent ra l  
f i n  
O f f  
On 
O f f  
On 
O f f  
a0n 
aof f 
On 
O f f  
On 
41 
__ 
47 
__ 
55 
53 
53 
44 
"- 
44 
37 
37 
29 
- 
40 
- 
Turns  fo r  r ecove ry  
- 9  1 3 1  - 9  
2 4  
2,  2, 2 1  
11, 21, 2 1  
31,  31, 4 
I - ,  1 1 1  1-, 2- 
4 
4 4 2  
4 2  
2 2 2  
( C )  
1 3  
2 4  
3 
4 
- 1 1  
4 '  4 
~~ 
- 9  - 
- 
..... 
1 
1, 1 
aTwo cond i t ions  poss ib l e .  
bRecovery  a t t empted  be fo re  f ina l  a t t i t ude  r eached .  
CNo recovery at tempted because spin mode t o o  s t e e p  t o  h o l d  i n  
tunne l .  
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15.01 
(5.91 1 
i 
Fuselage 
reference  line 
120.88) 
Figure 1.- Three-view drawing of l / l l - s c a l e  model tested w i t h  t a i l  3 
i l l u s t r a t e d .   C e n t e r  of g r a v i t y  is a t  0.2555. Dimensions are  
model scale and are g i v e n  i n  c e n t i m e t e r s  ( i n c h e s ) .  
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line - 
reference line 
( a >  T a i l  1 .  
1810.71 
I 
(c )  Tail  3. ( d )  Tail  4 .  
F igure  3 . -  Tail c o n f i g u r a t i o n s  tested on model.  Dimensions are model scale 
a n d  g i v e n  i n  c e n t i m e t e r s  ( i n c h e s ) .  
19 
-& 
3.3lL31 
” - 
I 
I 
( e )  Tail 5 .  
I .” 
(h) Tail 8. 
(f) Tail  6 .  (g) Tail  7. 
I 
(i) Tail 9.  
F igure  3 .- Concluded. 
20 
n 
1.0 (0.4) 
( a >  Pa r t i a l - span  rudder .  
(b) Full-span  rudder.  
F igure  4.- S i z e  a n d  t y p i c a l  l o c a t i o n s  o f  v e r t i c a l  f i n  on t a i l  c o n f i g u r a t i o n s  
h a v i n g  p a r t i a l -  and  full-span  rudders.   Dimensions are model scale and 
g i v e n  i n  c e n t i m e t e r s  ( i n c h e s ) .  
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Iu 
Iu 
L"I4-4552 
Figure 5.- Model with  sp in- recovery  parachute  be ing  tes ted  
i n  t h e  Langley spin tunnel.  
Parachute diameter, feet 
5 6 7 8 9 10 11 12 13 , . ". , ~ ~ .  
i 4 .. " " "-,a- ." r - + = I - -  2 
W Unsatisfactory s 
I 
u 
L 
L W I" 
0 
2 
Y- 
v) 
L 
c 
3 
c- 
0 " "" "" " ~ ~~ . 
( a >  F l a t  s p i n  mode. 
0 Satisfactory  spin  recovery 
Unsatisfactory spin recovery 
( turns for  recovery are greater 
t h a n  indicated, see appendix) 
Unsatisfactory 
~ " -. ~.-"I__ 
Parachute diameter, meters 
( b) S t e e p  s p i n  mode. 
F igure  6.- Parachute  diameter requi red  for  emergency  sp in  recovery  from f l a t  
and   s t eep   sp in  modes. Dimensions are f u l l  scale. 
L 
Q) 
0 
> 
u 
L 
Q) 
L 
0 
S 
v) 
L 
S 
I- 
- 
E 
6 
4 
2 
0 Satisfactory  spin  recovery 
PI Unsatisfactory  spin  recovery 
(turns for recovery are greater 
t han  i nd icated, see  appe nd ix) 
Parachute diameter, feet 
0 -  
1.5 2.0 2.5 
Parachute diameter, meters 
3.0 
Figure  7.- Parachute  diameter requi red  for  emergency  sp in  recovery  f rom s teep  
s p i n  mode w i t h  v e n t r a l  f i n  on model.  Dimensions are f u l l  scale. 
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Canopy distance, d, feet 
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f 0 Satisfactory  spin  recovery 
0 Unsatisfactory  spin  recovery 
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(turns for recovery are greater 
t h a n  indicated, see appendix) 
satisfactory 
0 1.5  3.0  4.5 6.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 
Canopy distance, d, meters 
Figure 8.- Ef fec t  of canopy d is tance  on t u r n s  f o r  recovery from f l a t  s p i n  
modes. Dimensions a r e  f u l l  s ca l e .  
Canopy distance, d, feet 
0 Satisfactory  spin  recovery 
8 Unsatisfactory  spin  recovery 
Unsatisfactory spin recovery 
(turns for recovery are greater 
than indicated, see appendix) 
0 5 10 15 20 25 30 35 40  45 50 
I I I I I I 4 .” 2 r 
Q) > 
0 
V Unsatisfactory 
0 2 
E 
2 
L 
’c 
v) 
3 
I- 
O 1.5 3.0 4.5  6. 7.5 9.0 10.5 12.0 13.5  15.0  16.5 
Canopy distance, d, meters 
Figure 9. -  E f f e c t  of canopy d i s t a n c e  on tu rns  fo r  r ecove ry  f rom s t eep  sp in  
modes.  Dimensions are f u l l  scale. 
Spin axis Spin axis Spin axis 
t Airf low 
(a)  Correct   configurat ion.  (b) Canopy d i s t ance  too 
s h o r t  - parachute 
co l l apses .  
I \ 
\ 
(c)  Canopy d is tance  too  
long - parachute 
i n e f f e c t i v e .  
Figure 10.- E f fec t  of parachute canopy distance for f l a t  sp in .  
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